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Background This study was conducted from 2006 to 2010 and
investigated the seroprevalence of influenza A viruses in
Cambodian pigs, including human H1N1, H3N2, 2009 pandemic
H1N1 (A(H1N1)pdm09), and highly pathogenic avian H5N1
influenza A viruses.
Methods A total of 1147 sera obtained from pigs in Cambodia
were tested by haemagglutination inhibition (HI) assays for
antibody to human influenza A viruses along with both HI and
microneutralization (MN) tests to assess immunological responses
to H5N1 virus. The results were compared by year, age, and
province.
Results Antibodies against a human influenza A virus were
detected in 14Æ9% of samples. A(H1N1)pdm09 virus were
dominant over the study period (23Æ1%), followed by those to
human H1N1 (17Æ3%) and H3N2 subtypes (9Æ9%). No pigs were
serologically positive for avian H5 influenza viruses. The
seroprevalence of human H1N1 and H3N2 influenza viruses
peaked in 2008, while that of A(H1N1)pdm09 reached a peak in
2010. No significant differences in seroprevalence to human
influenza subtypes were observed in different age groups.
Conclusions Cambodian pigs were exposed to human strains of
influenza A viruses either prior to or during this study. The
implications of these high prevalence rates imply human-to-swine
influenza virus transmission in Cambodia. Although pigs are
mostly raised in small non-commercial farms, our preliminary
results provide evidence of sustained human influenza virus
circulation in pig populations in Cambodia.
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Introduction
Pigs are considered important intermediate hosts and pos-
sible ‘mixing vessels’ for genetic reassortment of influenza
viruses owing to dual susceptibility to both human and
animal influenza viruses.1–3 Consequently, pigs have fre-
quently been implicated in the emergence of human virus
strains as was seen in the recent influenza pandemic
where the 2009 H1N1 pandemic (A(H1N1)pdm09) virus
contained a unique genome constellation derived from
swine influenza viruses (SIVs), namely the classical swine
H1N1 lineage, the North American H3N2 triple-reassor-
tant, and the Eurasian ‘avian-like’ swine H1N1 virus.4–6
The molecular characterization of the A(H1N1)pdm09
strain revealed indirect evidence that pigs play a role in
the ecology and emergence of influenza viruses.7 However,
there has been no direct evidence that pigs were involved
in the epidemiology or spread of pandemic influenza
virus in humans.8
The first case of A(H1N1)pdm09 virus infection in
pigs was detected in a Canadian pig farm soon after the
virus emerged in humans in April 2009.9 Thereafter, over
20 countries from five continents formally reported cases
of A(H1N1)pdm09 in pigs to the World Organization
for Animal Health (OIE).10–12 The increase in reported
cases of A(H1N1)pdm09 in pigs, together with experi-
mental studies by several teams,13–15 has confirmed that
A(H1N1)pdm09 virus can become established in pig
populations. Furthermore, repeated detections of genetic
reassortment between A(H1N1)pdm09-like viruses and
other swine viruses in the United States, Europe, and
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A(H1N1)pdm09 viruses might have been maintained in
pigs for a period of time, and a process of adaptation of
the A(H1N1)pdm09 virus to pigs might be occur-
ring.7,13,16–22 The reassorted H3N2 SIVs with
A(H1N1)pdm09 viruses have been detected among
humans in the United States.23 Monitoring both human-
to-pig and pig-to-human transmissions of influenza A
viruses is, therefore, critical to improve our understand-
ing and minimize the likelihood of these events.
In Cambodia, nearly 70% of all pigs are raised in small-
scale farms.24 Pigs are bred traditionally, cohabit with
human under free-range conditions, and are mainly raised
to be sold for meat after relatively short periods
(10–12 months).25 Only few commercial piggeries exist,
mainly located near Phnom Penh City to supply the high
urban demand for pork and other pig products.26 The
domestic pig producers cannot satisfy the demand for pork
in the country.27 It is estimated that approximately 1000
head of pigs or pig carcasses are imported each year from
neighboring countries such as Thailand and Vietnam.
Many different influenza subtypes (including H4, H5,
H6, H7, H9, H11, and H12) have been isolated from
poultry and pigs in Asian countries, where the pig densi-
ties are highest worldwide.28 The scientific communities
and the international organizations like WHO, OIE, and
FAO agree that influenza surveillance activities around the
world are urgently needed, especially in Southeast Asia
where only few countries provided data on influenza in
swine.6,29–31 In Cambodia, integrated production systems,
consisting of one or more animal species with crops and
fish, are predominant,32 facilitating transmission of influ-
enza viruses from humans-to-swine, swine-to-human, or
between pigs and avian species. Influenza viruses are,
therefore, suspected to circulate actively, and the genera-
tion and dissemination of new variants are a real possibil-
ity in Cambodia.
A preliminary study for the detection of influenza A
viruses in pigs was carried out by collecting nasal swab
samples on a weekly basis from slaughtered pigs in Phnom
Penh between 2006 and 2008 (Institut Pasteur in Cambo-
dia, unpublished data). However, among 1000 samples, no
influenza viruses were isolated. In addition, no flu-symp-
tom was recorded suggesting that farmers prefer not send-
ing sick animals to abattoirs, probably to avoid
investigations from animal health services. Owing to the
previous study results as well as concerns about the poten-
tial serologic cross-reactivity between A(H1N1)pdm09 and
H1 SIVs in pigs,33 detection of antibodies against SIVs was
not performed in this study. Serological surveillance for
influenza viruses was, therefore, conducted in Cambodian
pigs for the detection of antibodies against human H1N1,




A total of 1147 serum samples collected from pigs in Cam-
bodia between 2006 and 2010 were tested for influenza
viruses at the Institut Pasteur in Cambodia (IPC)
(Figure 1). The sera comprised stored serum specimens
from a repository at the National Veterinary Research Insti-
tute (NaVRI) of Cambodia and samples collected by the
IPC from a slaughterhouse in Phnom Penh. All samples
were tested by hemagglutination inhibition (HI) assays for
detecting antibodies against seasonal human H1N1 and
H3N2 influenza viruses. The 372 serum specimens collected
from 2009 to 2010 were additionally tested for
A(H1N1)pdm09 virus. Also, 150 samples were selected ran-
domly and tested further for antibodies against avian influ-
enza H5N1 virus. Data on gender, province of origin, and
date of sample collection were recorded for all 1147 ani-
mals tested. Data on age were recorded except for animals
sampled in the slaughterhouse.
Reference viruses
Each sample was tested against the reference strain per sub-
type from the year of sampling of that specific sample.
Human and avian influenza A viruses circulating in Cam-
bodia during the year of sampling were chosen as reference
viruses in this study (Table 1). All reference viruses were
extracted from the repository of the Virology Unit ⁄
National Influenza Centre at the IPC. Assays using H5N1
virus were conducted under biosafety level 3 conditions.
HI assay
A total of 1147 serum samples were tested by HI test. HI
assays have been commonly used to detect the presence of
antibody to the HA of influenza viruses in animal and
human sera. Before testing, the samples were treated with
receptor-destroying enzyme (RDE; Denka Seiken Co. Ltd.,
Tokyo, Japan) to remove non-specific hemagglutination
inhibitors, incubated in a water bath at 37C overnight,
and heated in a water bath at 56C for 30 minutes to inac-
tivate RDE. The RDE-treated sera were then mixed with 1
drop of 2% red blood cells (RBCs) diluted to 1:10 with
0Æ85% NaCl solution. The RDE-treated sera and RBCs were
thoroughly mixed together by hand shaking and kept in a
refrigerator for 1 hour.
Haemagglutination inhibition tests were performed using
96-well polystyrene, microtiter plates. In each test, positive
and negative serum controls were included. Briefly, 50 ll
of phosphate-buffered saline (PBS) was added from rows B
to H prior to addition of 50 ll of RDE-treated sera from
rows A to H. Serial twofold dilutions were made by
transferring 50 ll amounts from the first row to successive
rows, and in the final row 50 ll was discarded. Antigen
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containing four hemagglutination (HA) units ⁄ 50 ll of the
reference virus was then added to each well and the plates
were incubated at room temperature for 15 minutes. Fifty
microliters of RBCs were then added to each well. For
H1N1 and H3N2 testing, 0Æ75% guinea pig RBCs was used.
For A(H1N1)pdm09 virus, 0Æ5% Turkey RBCs were used,
and for H5N1 virus, 0Æ5% horse RBCs were utilized
(WHO).34 When using influenza viruses of avian origin,
horse blood cells are preferred as they express only recep-
tors to ‘avian-type’ antigens. For seasonal influenza, we
selected the red blood cells type that gave the clearest
agglutination with each virus. The plates were incubated at
room temperature for 1 hour.
The HI titer was expressed as the highest reciprocal
serum dilution that completely inhibited the hemagglutina-
tion of 4 HA units of the virus. Considering the previous
studies,35,36 HI titers of 1:40 and higher were regarded to
be positive.
Microneutralization assay
The microneutralization test that detects HA subtype-spe-
cific antibody is frequently used in parallel with the HI
assay for avian influenza virus serology in mammalian
specimens.37 One hundred and fifty serum samples col-
lected from Cambodian pigs and randomly selected were
tested for avian influenza antibodies by microneutralization
(MN) assay in the BSL3 laboratory of the Virology Unit at
the IPC. The MN assay was performed only when the HI
titer was ‡20. Briefly, all sera that were already treated with
RDE were also heat inactivated at 56C for 30 minutes. For
standard MN assays, 100 tissue culture infectious dose 50
(100 TCID50) of the avian influenza virus, with serial two-
fold dilutions of each serum sample (starting from 1:10),
were incubated for one hour at room temperature, fol-
lowed by inoculation of the virus-antibody mixture onto
Madin Darby Canine Kidney (MDCK) cells. Cell monolay-
ers were incubated and examined daily for cytopathic
effects for 3–4 days. Determining endpoint neutralizing
antibody titers was carried out in four wells per dilution.
The neutralizing titer was defined as the reciprocal of the
highest dilution of serum at which the infectivity of 100
TCID50 of an H5N1 virus for MDCK cells was completely
neutralized in 50% of the wells. The titer was calculated by
the Reed and Muench method.38 A seropositive specimen
to avian H5 virus was defined by HI and MN titers against
H5N1 virus ‡40.36
Data analysis
The seroprevalence was calculated along with the 95% confi-
dence intervals using the exact binomial method.39 The
mean ± SD of HI antibody titers was calculated. The sero-
prevalence rates were compared between years, age, and
province. Statistical analyses were performed in spss version
17 (SPSS Inc., Chicago, IL, USA). Seropositivity to human
influenza viruses between two age groups was also compared
by the two-sided Fisher’s exact analysis. Animals for which
age was not recorded were excluded from the age analysis.
Results
The seroprevalence rates to each human influenza A sero-
type and to avian H5N1 virus are displayed in Table 2. The
Figure 1. Source of samples and the testing regime.
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overall seroprevalence to human influenza A viruses during
the study period was 14Æ9%. A(H1N1)pdm09 virus was the
dominant (23Æ1%) subtype detected in pigs by serology fol-
lowed by the seasonal H1N1 virus (17Æ3%) and the H3N2
subtype (9Æ9%). Antibodies against more than one subtype
were detected in 132 individual pigs.
Seroprevalence to seasonal H1N1 virus ranged between
2Æ7% in 2007 and as high as 46Æ5% in 2008. The prevalence
of anti-H3 antibodies in pig sera varied between 0% in
2007 and 33Æ8% in 2008. Serology to A(H1N1)pdm09
tested positive only in samples collected in 2010. None of
the tested sera showed positive antibodies to H5N1 virus.
The overall seroprevalence to the viruses tested was notably
low in 2006 and 2007 and peaked in 2008 before decreasing
in 2009 and 2010 when the peak of A(H1N1)pdm09 was
observed (Table 2). The range and mean ± SD of antibody
titers to H1N1, H3N2, and A(H1N1)pdm09 viruses are
shown in Table 3.
The seroprevalence of H1N1, H3N2, and
A(H1N1)pdm09 viruses was compared between pigs
£4 months old and those >4 months old (Table 4). The
seroprevalence of H1N1 and H3N2 viruses was higher in
the younger age group (£4 months old), but the differences
were not significant (P > 0Æ05).
The seroprevalence by province of origin of the animals
(Banteay Meanchey, Kampong Cham, Kampong Speu,
Kampot, Kandal, Prey Veng, Pursat, Svay Rieng, and Takeo
provinces) is shown in Figure 2. Evidence of seasonal
H1N1 and H3N2 influenza viruses’ circulation in pigs was
found from eight of the nine provinces from which pigs
were sampled (88Æ9%). All sera originating from Kampot
province (n = 19) were seronegative to all subtypes. The
highest seroprevalence to seasonal H1N1 virus was 52Æ2%
in Banteay Meanchey province. The highest seroprevalence
to H3N2 virus was 33Æ3% in Pursat province and the low-
est (0%) in Kampong Speu and Kampot provinces. Sam-
ples collected from pigs originating from four provinces
(Kandal, Prey Veng, Svay Rieng, and Takeo) were tested
for H1N1pdm09 virus by serology after the introduction of
the virus in country, and positive results were found in all
the four provinces, ranging from 8% in Takeo to 35% in
Kandal province.
Discussion
Pigs are susceptible to infection with influenza viruses from
mammalian and avian origins.21 Pigs play an important
part in the ecology of influenza A viruses and are a poten-
tial source for human pandemic influenza viruses with seri-
ous public health implications.40 According to previous
studies, human H1N1 and H3N2 viruses are frequently
transmitted to pigs through reverse zoonosis; however, they
do not show long-term persistence in pig populations.41
Nevertheless, the genes of human viruses may persist after
reassortment with one or more influenza viruses in pigs.21
Such circumstances could lead to generation of reassortant
viruses with increased cross-species transmissibility, patho-
genicity, and lethality, which could cause a human
influenza pandemic.
In this study, we performed serological testing for anti-
bodies to influenza A (human H1N1, human H3N2,
A(H1N1)pdm09, and avian influenza H5N1) viruses in
swine sera collected in Cambodia between 2006 and 2010.
No serological tests to detect SIVs were performed. Indeed,
SIVs have never been isolated in Cambodia and only rarely
in surrounding countries of the region. It should be noted
that the HI tests fail to differentiate between
A(H1N1)pdm09 and SIVs owing to serologic cross-reactiv-
ity in pigs.33 The average seroprevalence against the human
influenza A viruses tested was of 14Æ9% during the study
period. This result is different to those reported in semi-
commercial farms in Vietnam (3Æ1%) and industrial farms
in China (61Æ4%).29,42
The highest seroprevalence detected in Cambodian pigs
was against the A(H1N1)pdm09 influenza virus followed
by the seasonal H1 and the H3 subtypes, respectively. The
results also showed evidence that some pigs were exposed
to more than one human virus during their short lives.
The high levels of A(H1N1)pdm09 virus infections in Cam-
bodian pigs suggest that this strain was widely circulating




A ⁄New Caledonia ⁄ 20 ⁄ 99 (H1N1) 2006–2007 HI
A ⁄Wisconsin ⁄ 67 ⁄ 2005 (H3N2) 2006–2007 HI
A ⁄ Brisbane ⁄ 59 ⁄ 2007 (H1N1) 2008 HI
A ⁄ Brisbane ⁄ 10 ⁄ 2007 (H3N2) 2008 HI
A ⁄ Brisbane ⁄ 59 ⁄ 2007 (H1N1) 2009–2010* HI
A ⁄ Perth ⁄ 16 ⁄ 2009 (H3N2) 2009–2010 HI
A ⁄California ⁄ 7 ⁄ 2009 (H1N1) 2009–2010 HI
A ⁄Cambodia ⁄Q0321176 ⁄ 2006 (H5N1) 2006 HI, MN
A ⁄Cambodia ⁄ S1211394 ⁄ 2008 (H5N1) 2008 HI, MN
A ⁄Cambodia ⁄ T1218159 ⁄ 2009 (H5N1) 2009 HI, MN
A ⁄Cambodia ⁄U0417030 ⁄ 2010 (H5N1) 2010 HI, MN
HI, hemagglutination inhibition assay; MN, microneutralization
assay.
H3N2 virus circulated in human population during all the duration
of the study.
*Seasonal H1N1 viruses circulated in Cambodia every year from
2006 until August 2009 when they were progressively replaced by
H1N1pdm 2009 virus. Because the pig sera collected early in 2010
could reflect an exposition that occur in 2009, H1N1 virus was
included in the panel also in 2010.
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in the pig population as described in other countries,
including Asia.8,43,44 The potential for concurrent multiple
infections with human influenza viruses in pigs needs to be
emphasized as it facilitates the opportunity for the genera-
tion of new pathogenic variants in pigs through reassort-
ment events, which might then facilitate transmission to
humans.7,45 Moreover, dual infection of A(H1N1)pdm09
and H3N2 viruses in humans was documented in
Cambodia.46
H5N1 virus has been isolated from pigs in few occasions
in Indonesia and China47–49 with evidence of pig-to-pig
transmission in Indonesia,47 but this virus is still generally
considered as poorly transmissible to swine.40 Antibodies
against avian H5 influenza virus were not detected in this
study. Our findings, therefore, suggest a low risk of reas-
sortment between avian H5N1 and A(H1N1)pdm09
viruses. Nevertheless, the number of samples tested was
limited and the circulation of H5N1 virus in poultry is sea-
sonal and geographically restricted to some provinces.
Therefore, H5N1 seroconversions may have been missed.
The overall seroprevalence of each influenza virus sub-
type detected in pigs follows the human seasonal serotype
Table 2. Annual seroprevalence to each influenza A virus subtypes tested (n = 1147)
Year No. of sera
HI positivity rate to different influenza virus antigens
H1(%) 95%CI H3(%) 95%CI A(H1N1) pdm09(%) 95%CI H5(%) 95%CI
2006 393 5Æ6 3Æ5–8Æ4 2Æ3 1Æ1–4Æ3 NT – 0* 0Æ0–12Æ8
2007 113 2Æ7 0Æ6–7Æ6 0Æ0 0Æ0–3Æ2 NT – NT –
2008 269 46Æ5 40Æ4–52Æ6 33Æ8 28Æ2–39Æ8 NT – 0* 0Æ0–7Æ0
2009 36 19Æ4 8Æ2–36Æ0 13Æ9 4Æ7–29Æ5 0Æ0 0Æ0–9Æ7 0* 0Æ0–9Æ7
2010 336 12Æ5 9Æ2–16Æ5 2Æ4 1Æ0–4Æ6 25Æ6 21Æ0–30Æ6 0* 0Æ0–9Æ7
*Only a subset of the samples were tested for antibodies against H5N1 virus.
NT, not tested; HI, hemagglutination inhibition assay.




Range 0–320 0–640 0–640
Mean ± SD 16Æ2 ± 29Æ4 10Æ7 ± 26Æ7 26Æ5 ± 59Æ4
No. of sera tested 1147 1147 372
HI, hemagglutination inhibition assay.
Table 4. Seroprevalence to H1N1, H3N2 viruses in two age groups (n = 538)
Age group
Seropositivity: number positive ⁄ number tested (%)
H1N1 95%CI H3N2 95%CI
£4 month 22 ⁄ 340 (6Æ5) 4Æ1–9Æ6 7 ⁄ 340 (2Æ1) 0Æ8–4Æ2
>4 month 6 ⁄ 198 (3Æ0) 1Æ1–6Æ5 3 ⁄ 198 (1Æ5) 0Æ3–4Æ4
Pa 0Æ11 0Æ75
aStatistical analysis for differences of seropositivity between different age groups; P < 0Æ05 is considered statistically significant.
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pattern that was seen in Cambodia during these recent
years (IPC unpublished data).50 The similarity of the
seroprevalence in pigs and humans suggests a possible
human-to-swine influenza virus transmission in Cambodia.
Moreover, the results from our study demonstrated a high
seroprevalence to the A(H1N1)pdm09 virus during the
post-pandemic period. The situation in the swine popula-
tion mimics that described for humans where the
A(H1N1)pdm09 virus progressively replaced the seasonal
H1N1 influenza virus and became the predominant circu-
lating subtype in humans. No samples seropositive against
the A(H1N1)pdm09 virus were found during 2009, but the
community-level transmission of A(H1N1)pdm09 viruses
in human population in Cambodia started only in August
2009 suggesting that only a short delay was required for
the transmission from humans-to-swine population. These
data also suggest that these positive A(H1N1)pdm09 tests
were not a result of cross-reactivity with potentially circu-
lating H1N1 SIVs, as no samples prior to 2010 were
seropositive using this test.
Pigs were categorized into two age groups (£4 months
old and >4 months old) as maternal antibodies to influ-
enza viruses can persist for 16 weeks.51 Only few data on
age were available for the pigs that tested positive by serol-
ogy to A(H1N1)pdm09 virus, and this explains why com-
parison by age groups was not possible. We found no
statistically significant differences in the seroprevalence
between the two age groups. This may have resulted from
interference by maternal antibodies in the younger age
group (£4 months old), while exposure to the influenza
viruses explained the antibody status in the older age group
(>4 months old). However, considering the limited number
of results compared in each age group, results should be
interpreted with care. We did not compare the seropreva-
lence rates in pigs sampled in farms versus those sampled
in slaughterhouse because pigs sent to abattoirs are mostly
10–12 months old, which are older than those living in
farms.52
In eight of nine provinces, evidence of H1 and H3 influ-
enza virus infections were found. Serologies were surpris-
ingly negative in pigs originating from Kampot, but the
low number of samples collected does not allow to draw
any conclusion. A(H1N1)pdm09 virus infections were
detected in pigs originating from all four provinces sam-
pled after the beginning of the pandemic. This suggests
extensive circulation of human influenza virus infections in
pigs across Cambodia, although without characterization of
the viruses themselves, it cannot be determined whether
Figure 2. Seroprevalences against H1N1, H3N2, and A(H1N1)pdm09 viruses, respectively, in various provinces in Cambodia.
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there is ongoing circulation of these viruses in swine popu-
lations nationally or whether these infections were the
result of discrete introductions from human populations
with limited onward spread in pigs. The negative results of
antibodies to both subtypes in pigs from Kampot may be
due to the low number of samples that could influence the
seroprevalence. The provinces with high seroprevalences
should be investigated further in terms of human influenza
cases and human-to-pig interface. Serum samples were
mostly collected from a slaughterhouse in Phnom Penh.
Pigs are usually slaughtered shortly after arriving in the
capital (generally within 24 hours), which does not give
sufficient time for a pig to seroconvert following a contam-
ination that occured at the slaughterhouse. Thus, influenza
virus contaminations were presumed to have occurred in
farms.
Some experimental studies showed that the HI tests are
sufficient to differentiate antibodies to H1N1, H3N2, and
H1N2 SIV subtypes in European swine.53,54 However,
Kyriakis et al.33 hypothesized that if pigs had been previ-
ously infected with, or vaccinated against, European SIVs,
they would frequently have serologic cross-reactivity to the
A(H1N1)pdm09 virus and related North American SIVs.
Hence, sera from pigs either infected or vaccinated with
SIVs could have cross-reactive HI antibodies to
A(H1N1)pdm09 virus. However, to our knowledge, no
autogenous or commercial swine influenza vaccines have
been used in the Cambodian swine industry. In addition,
no SIVs have been previously isolated in Cambodia.
Although a definitive answer would have required to also
test each sera for the detection of anti-nucleoprotein
antibodies (specific for influenza A), this, along with the
lack of positive samples from before 2010, makes the chance
of cross-reactivity to A(H1N1)pdm09 in this study unlikely.
As no routine surveillance or systematic surveillance for
influenza A in Cambodian pigs has been carried out, this
study was started by the IPC through collaboration with
the NaVRI. Given the limited resources in establishing
nationwide surveillance for influenza in pigs, we considered
slaughtered pigs as sentinel pigs to be used to determine
the activity of influenza A viruses. The samples from the
NaVRI were added up to increase the power of statistic
analysis. The results shown here, therefore, do not per-
fectly represent the entire pig populations in Cambodia
because of sampling bias. Majority of samples (682 of
1147) were taken from pigs at the abattoir, which makes
difficulty to extrapolate to the whole pig populations in
Cambodia. To illustrate, pigs in Cambodia are generally
slaughtered at the age of 10–12 months, an overrepresenta-
tion of pigs with marketable weight cannot be excluded.
However, these results are useful to identify the dominant
influenza strains in pigs in the country and to emphasize
the urgent need of implementing well-designed surveillance
system of influenza A in Cambodian swine population in
the nationwide scale.
A more systematic surveillance study needs to be devel-
oped and applied for the investigation of influenza A
viruses in pig populations in Cambodia. Further, studies to
collect and characterize viruses as well as using molecular
techniques to detect, monitor, and evaluate the persistence
of circulating strains of influenza viruses in pig’s farms
rather than in abattoirs where probably only apparently
healthy animals are slaughtered are recommended to iden-
tify their future evolution and ensure early detection of
potentially pandemic strains. Participation at the commu-
nity level needs to be incorporated into the existing surveil-
lance for influenza viruses in Cambodian pigs to enhance
the sensitivity of detecting influenza cases in swine.
Conclusion
This study provides the first data on sustained human
influenza virus infections in pigs in Cambodia. Serological
surveillance results indicated that seasonal H1, H3, and
A(H1N1)pdm09 subtypes were common in Cambodian
pigs and probably resulted from extensive transmission of
influenza A virus from humans back to pigs. On the other
hand, infection with the H5 subtype was not detected.
Serological investigation of influenza viruses may give use-
ful information for surveillance of novel influenza viruses
in pigs. Further, molecular surveillance is required for the
study of genetic components of influenza viruses to closely
monitor their characterization, their extent of reassortment,
and their potential impact on public health.
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